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Although some companies have been successful in software reuse, many research
projects on reuse have had little industrial penetration. Often the proposed technology
has been too ambitious or exotic, or did not scale up. REBOOT emphasizes industrial ap-
plicability of the proposed technology in a holistic perspective: a validated method through
a Methodology Handbook, a stabilized tool set around a reuse library, a training package,
and initial software repositories of reusable components extracted from company-specific
projects. This article presents the REBOOT approach to software reuse, covering both
organizational and technical aspects and the experiences made so far from the applica-
tions.



1 Introduction

1.1 Context and motivation

For along time, reuse [2, 20, 27] has been promoted as a promising approach to improve quality
and productivity in software engineering, and some software producing organi zations have indeed
succeeded in making reuse pay off. Still, reuse has not revolutionized the software engineering
industry the way many had hoped for. Thisis partly because expectations have been too high [6],
but also because systematic reuse has not yet been taken up by the bulk of software engineering
industry.

The reason for the slow industrial penetration of reuseisthat it is a complex issue, inhibited both
by organizational and technical barriers[15, 28]. Previousresearch projects to provide support for
reuse have often suffered from the following weaknesses:

¢ too much emphasis on technical aspects, underestimating the organizational problems, and

¢ t00 sophisticated devel opment methods, requiring dramatic changesin practice for software
producers.

The motivation of the REBOOT! project was to overcome these difficulties by

¢ paying attention both to organizational and technical aspects,
¢ proposing areuse method which could be integrated with existing methods, and
¢ generaly going for technol ogy consolidation rather than innovation.

To ensure industria penetration of the ideas, the project had a strong commitment towards appli-
cations (25% of the effort).

1.2 Overview of the problem area and the REBOOT offer
The following problems have been addressed within REBOOT:

¢ organizationa aspects of reuse, concerning
— reuse introduction, i.e., introducing systematic reuse in an organization with little or
NO reuse experience.

— organizational and managerial issues, i.e., how to organizeto get the most out of reuse,
and how to manage devel opment projects where reuse is considered.

— economic and legal aspects, which are particularly problematic for inter-company
reuse, such as payment for components and liability in case of component failure.
¢ technical aspects of reuse, concerning

— development FOR reusg, i.e., how to make reusable components.

— development WITH reuse, i.e., how to make use of reusable componentsin application
development.

LESPRIT-III project# 7808 REBOOT (Reuse Based on Object-Oriented Techniques) started September 1990 and had
aduration of 4 years. The partnerswere Bull S.A. (coordinator, France), Cap Gemini Innovation (France), Sema Group
SAe. (Spain), Siemens A.G. (Germany), Q-Labs (Sweden), E-P Frameworks (Sweden), TXT Ingegneria Informatica
(Italy), and SINTEF/NTH (Norway). The total effort was 124 man-years.
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The REBOQT offer for these problems consists of

¢ amethodology handbook,
¢ atraining package, and

e aprototype reuse support environment.

The REBOOT Methodology Handbook [24] provides methodology both for organizational and
technical aspects of reuse. The following chapters are included:

1. Reuse Organization. This chapter presents various ways to organize for reuse, and also
discusses the economic and legal issuesinvolved.

2. Project Management. This chapter discusses how to manage projects where software is
developed FOR and/or WITH reuse.

3. Development FOR and WITH reuse. This chapter provides software engineering guide-
linesrelated to thedevel opment of reusabl e components, and the devel opment of applications
by means of such components. Some of the guidelines are general, but many presuppose
that an obj ect-oriented development method is used.

4. Library organization. This chapter presents methodology for organizing and maintaining
libraries of reusable components.

5. Metrics. This chapter provides process metrics for evaluating reuse activities, and product
metrics to evaluate the quality and reusability of components.

6. Reuseintroduction. This chapter discusses how to introduce reuse in an organization.

The Training Package consists of three courses (slides and scripts):

¢ Managerial Briefing. This is a two hour briefing for managers, outlining the possible
benefits of reuse, as well as the most important problems. The mission of this courseisto
increase managers' awareness of reuse and convince them that it is worth considering.

¢ Reuse Beginners Course. Thisisacourse for developerswho have little knowledge about
software reuse principles.

¢ Advanced Reuse Course. Thisisacoursefor more advanced devel opers, who have already
been through the Beginners Course, or otherwise acquired knowledge about software reuse.

The REBOOT environment givestool support for thetechnical aspectsof the methodology. To have
maximum possibility for industrial penetration, REBOOT does not require a shift in devel opment
method (or tool) but rather offers a potential add-on to deal with the reuse-specific activities. This
isindicated in Figure 1. Hence, the organization can keep on using the same CASE-tool and
development method as before, just with some integration with the REBOOT method. REBOOT
comes in to dea with the activities to get componentsin and out of the library, whereas ordinary
development can still be handled by the existing approach. Severa integrations with existing
methods and tools have aready been performed.

The rest of the article is structured as follows: Section 2 discusses the organizationa part of the
REBOQOT methodology, and section 3 the technical part. Section 4 summarizes the experiences
made from the applications. Section 5 makes a comparison with related work. Finally, section 6
concludesthe article.



Component
library

Dev.method REBOOT method
‘ REBOOT
' toolset

Figure 1. The genera idea of the REBOOT tool-set

2 Organizational aspects

2.1 Reuseintroduction

Severa researchers and practitioners have pointed out problems in the reuse introduction process,
e.g., [15, 28]. These problems are based on many factors:

¢ high initia costs, since there must be investment in 'development FOR’ before gains in
"development WITH’

¢ lack of sound management commitment
o developer skepticism, the ' not invented here’ -syndrome
¢ lack of training for reuse

¢ low software engineering capabilities

For areuseinitiativeto get started, the management must be convinced of possiblegains. For this
purpose, one of the courses in the REBOQOT training package is a two hour manageria briefing.
This briefing informs top level managers about the potential benefits of reuse, but also about the
problems — to avoid unrealistic expectations.

Reuseintroductionis covered by a separate chapter in the REBOOT Methodology Handbook. An
overview of the REBOQOT reuse introduction processis shown in Figure 2. The left column shows
theactivitiesto beundertaken, the middlecolumn therolesinvolvedin these activities, and theright
column the model s supporting the activities. Duringinitiation, the objectivesfor thereuseinitiative
are determined, such as reduced costs or time-to-market, improved quality and productivity. Inthe
second stage, the organi zation’sreuse opportunitiesare analysed, and itsreuse maturity isassessed.

The assessment of the organization’s maturity is based upon REBOQOT's reuse maturity model,
inspired by SEI's CMM [36]. The same five maturity levels are used, i.e., chaotic, repeatable,
defined, managed, and optimized, but the assessment is specifically related to reuse capabilities,
not the overall capabilitiesfor software production. Hence, five key reuse areas have been defined
according to the five parts of the REBOOT methodology?, and for each of these several key reuse
factors have been identified, as shownin Table 1. Each of these factors can be mastered to various
degrees by the organization, thus determining its maturity level. The assessment will discourage
organizations from adopting technology they are not yet mature for, and it will indicate what steps
to take next to improve the reuse capabilities.

The implementation phase of Figure 2 will have to include training. In addition to the already
mentioned managerial briefing, the REBOOT training package contains courses for developers,

2Cf. ch. 1-5 of the Methodology Handbook. Thetopic of ch. 6, reuseintroduction, is something which must be done
before any reuse can take place, and is consequently not considered a key reuse area.
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Organization Project Development process Library Metrics
management | FOR reuse | WITH reuse
Reuse Externa Development process Component | Product
strategy coordination integration information | metrics
Reuse Project Type of produced/reused Component | Process
assessment planning information classification | metrics
Lega Project Variability | Functionality Change
issues tracking analysis evaluation | management
Cost & Staffing Generdity Reuse cost Library
pricing expression evaluation | maintenance
Product Cost/benefit | Adaptation/
offer analysis integration

Table 1: The REBOOT key reuse areas and factors
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Figure 3: Reuse organizations: project-oriented (a), component-production-oriented (b), and
domain-oriented (c).

both at beginners and advanced levels. In addition to increasing the organization's software
engineering capabilities, these courses can help to reduce devel oper skepticism towards reuse.

2.2 Organizational and managerial issues

Even after reuse has been introduced in an organization, there are important issuesto deal with:

¢ how to organize to get the most out of reuse, and

¢ how to manage projects devel oping FOR and/or WITH reuse.

Within REBOOT, several ways to organize for reuse have been discussed in the Methodology
Handbook. The reuse organization can be structured around project, component-production, or
domain, asindicated in Figure 3 (a), (b), and (c), respectively.

All these organi zation models have their pros and cons. The project-oriented organization has the
least overhead connected to reuse, but it is a limited solution because there is no team directly
responsible for maintaining the component library, and a lack of inter-team communication will
imply that some reuse opportunities may be missed. In the component-production approach, one
specific team is responsiblefor the production of reusable components and the maintenance of the
library. This gives good control over the library, but the component-production team will need
to have a broad competence, being able to produce any kind of component. More specialization
is achieved by the domain-oriented approach, where separate teams have the responsibility for
the production of different kinds of components. Thisyields a secure way of producing reusable
components, increasing the chancesfor acorrect i dentification of reuse needs. The disadvantage of



this approach is the increased communication overhead, and the organization must be larger than
some critical size for this model to be possible.

In addition to discussing these organization models, the Methodology Handbook provides more
detailed guidelines on how to manage a project developing software FOR and/or WITH reuse,
pointing out risksinvolved in such projectsand identifying variousrol es, such as reuser, component
provider, integrator, adaptor, maintainer, project manager, product manager, and product line
manager. The possible role conflicts between these are analysed, and guidelines are provided for
project management to minimize risks and deal constructively with the role conflicts.

The metrics chapter provides process metrics for evaluating the cost and benefit of reuse activ-
ities. These evaluations can provide interesting feedback to guide further improvements in the
organization and devel opment process.

3 Technical aspects

3.1 Tool-set overview

When it comesto the technical solutionsfor reuse, REBOQOT takes a component library approach,
where reuse is done by retrieving reusable components from the library and integrating them in
new applications. Although the component library approach has sometimes been unfavourably
compared to transformational approaches[27], it seemed to be the best choice for REBOOT since
it does not demand any change of development method or language by the mainstream software
producer.? As stated before, REBOOT's ambition was never to create a new devel opment method
and CASE tooal, only to support the activities directly related to reuse, such as

¢ development FOR reuse

— re-engineering: obtaining reusable components from existing, application-specific
artifacts— typically old code.

— qualification: ensuring that componentsto be entered into thelibrary are of acceptable
quality. In addition to measuring quality, the REBOQOT qualification service aso
collectsinformation about the component, such as devel opment history and context of
use, which can be useful for subsequent evaluation (below).

— classification: classifying the component to facilitate subsequent retrieval. In reposi-
tories with a reasonably small number of components thismay not be necessary, but if
the number of components gets large, it may be useful.

¢ development WITH reuse
— retrieval: finding components according to some need in the application being devel -
oped.

— evaluation: evauating the quality and appropriateness of candidate components (after
retrieval).

— adaptation: adapting the component if it cannot be reused quite as-is. For instance, it
may require specialization or name changes to fit into the application.

Ordinary devel opment from scratch— of applicationsor of reusablecomponents—isnot supported
by REBOOT. This is assumed to be covered by existing methods and CASE tools. REBOOT

A preference for OO development methods was made, though, but this is anyway a popular trend in industry
today. Besides, many parts of the REBOOT technology, and all the methodology for the organizational aspects, will be
applicable also for non-O0 development methods.
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Figure 4: The REBOQT reuse support environment

provides a set of tools for the activities listed above, with a common user interface and database
support, as indicated in Figure 4. SEMA has aready made an integration between the REBOOT
environment and their own development tool Concerto®, thus obtaining a CASE tool with reuse
support. Similarly, TXT has made an integration with Dragoon®. When it comes to methods,
REBOQT adaptations have been made for several mainstream approaches for object-oriented
analysisand design (e.g., [3, 8, 18, 40Q]), aswell as the Cleanroom approach [32].

REBOQT supportsreusein all phases of devel opment, so components can includeanaysismodels,
designs, code, documentation, and test suites. Some of the support assumes that components are
object-oriented. For designs, two main kinds of components are supported: classes [7, 39] and
design frameworks [22]. The Methodology Handbook provides guidelines on how to develop
reusable classes and frameworks. Details on the environment have been presented in [13].

In the following, the support for some of the activities listed above will be discussed more thor-
oughly, noting initially that they are related in pairs. re-engineering and adaptation, qualification
and evaluation, classification and retrieval.

3.2 Re-Engineering and adaptation

Theclosely related themes of rever seengineering (anaysing existing codeto recover design) and re-
engineering (transforming existing codeto meet new requirements) [30] attract significant research
interest nowadays, asindicated by [20, 47]. For many companiesit does not fedl tempting to start
a reuse initiative unless they can reuse parts of previously devel oped applications, thus reducing
the high initial costs for development FOR reuse. However, previously developed systems often
tend to have alow reusability.

*Concerto is a CASE tool by SEMA Group SAe., specifically intended for the development of large, technical
applications. It is recommended by ESA/ESTEC for space projects. It is available on all magjor workstations, and is
currently in use on more than 400 stations throughout Europe.

®Dragoon is a programming support environment developedin the ESPRIT project DRAGON to support reusability
for Ada. It consists of a preprocessor to translate an extended OO Adanotation into pure Ada code, aswell asalibrary
manager and browser.



To deal with thisproblem REBOOT supportsre-engineering for reuse, whose purposeis somewhat
different from re-engineering in general. Re-engineering usually means to improve an entire
application The REBOQT approach, on the other hand, leaves the system itself unchanged, only
extracting reusable components from it. Hence, it is possibleto concentrate only on those parts of
the system that have ahigh potentia for reuse, which makes the task somewhat simpler.

The basic ideais to analyse existing, usually non-OO, source code in order to identify parts with
a strong inner coupling, which can be candidates for reusable objects. An overview of the re-
engineering method isshownin Figure 5. The method has mainly been devel oped by Siemens and
is partly automated. First, source code analysis obtains the necessary cross-reference information.
Since the information created by commercially available parsers is too limited, special purpose
parsers have been developed within the REBOQOT project (Ada, C, C++). Notice that whereas
some of the tool support — such as parsing — must necessarily deal with concrete programming
languages, the re-engineering method is mostly language independent.

After source code analysis, some obvious candidates for objects may have emerged, e.g., because
they have the names of important objectsinthe domain. Theidentification of obviousobjects must
be done manually by the re-engineer and requires good knowledge about the domain. Inspection
of the software's documentation may also be helpful here.

Next, cluster techniques are used to find data items which belong conceptually together and may
be assumed to be the private data items of the candidate reusable objects. The clustering is
based on a measure of conceptua distance between data items and can be computed in various
ways, based on data flow, cross-references, or control-flow branches. This step is performed
automatically. A good design should yield a rather balanced cluster-tree, whereas a bad design
tends to give a degenerated tree with one single main branch. The cluster-tree is an important
input to the next step of identifying the reuse potential. Based on the appearance of the cluster-tree
the re-engineer manually determines whether the code has sufficient potential for harvesting of
reusable components. If it is decided worthwhileto continue, clustering is now applied also to the
functions, attempting to group these functionsaround their relevant dataclusters. Again, similarity
computations can be used, but the re-engineer may have to state manually the relative importance
of various datato particular functions.

If itis possible to cluster functions around data, such clusters can be taken as objects. Then, the
re-engineer will proceed manually, trying to identify the meaning and purpose of these objects.
Here, it may be discovered that some more dataitems should be added to the object, in which case
the clustering of data-items must be reiterated. For afunctional closure, it may also be necessary to
add more functionsto the object — typically functions not found by clustering because they do not
access the data structures. When a functional closure has been obtained, it is attempted to isolate
the abject from the environment by replacing accesses to the internal data and providing access
routines. Finally, an object-oriented wrapper may be applied to provide an OO interface around
the component, while still maintaining the component itself in the old language. These two final
steps are automated.

Whereas REBOOT’ sre-engineering facility israther advanced, the support for adaptationissimple,
merely providing notification in case of name clashes for classes and methods. Hence, a more
detailed discussion of the adaptation tool is not considered worthwhile here.

3.3 Qualification and evaluation

Quadiification and eval uation both rely on asimilar set of product metrics. Reusability is computed
from afactor-criteria-metrics model with the following four factors:
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Figure 5: The REBOQT re-engineering method

¢ Portability: The ease with which the component can be transferred from one computer
system or environment to another [42].

¢ Flexihility: the ease with which the component can be adapted or modified to different
functional needs, or used in different contexts. Flexibility is aso referred to as “ generality”
or “useful complexity” [17], i.e., the functionality offered must be useful and well-defined
— otherwise flexibility will only make more complex components without increasing their
reusability.

¢ Understandability: A software product isunderstandabl eto the extent that itspurposeisclear
totheprospectivereuser [17]. If the component can bereused as-is, understandability isonly
essentia for itsinterface. If it hasto be modified it is also important that theimplementation
is understandable.

¢ Confidence: The (subjective) probability that a module, program or system performs its
defined purpose satisfactorily (without failure) over a specified time in another environment
than it was originaly constructed and/or certified for. The confidence measure is closely
related to reliability, but not exactly the same. Reliability means the probability that the
component will function correctly in its current context. Confidence tries to estimate also
the probability that it will function correctly when reused in other contexts.

Both a-priori and a-posteriori estimates are provided for these factors. The a-priori estimates are
necessary to prevent componentsof inferior quality from entering thelibrary, sincethereisno reuse
experience for the component at thistime. The a-posteriori estimates are based on experiencefrom
actual reuses. For each factor, the overall estimate will be a weighted average of a-priori and
a-posteriori values, where the latter will gradually be more dominant as the number of experiences
increase. The REBOOT product metrics approach has been discussed in more detail in [11].

Attached to each component is also areuse history attribute which can be useful when evaluating
its reusability. Here, reusers may describein free text any problems — or positive experiences —
they had reusing the component, and hint on useful adaptations. In some cases, this may be more
valuable information than mere numbers for the various factors or criteria

10



3.4 Clasdfication and retrieval

Classificationisnot essential to retrieve componentsfrom the REBOOT library —itisalso possible
to use the navigator for this purpose, browsing the library instead of searching in the associative
manner. However, if the number of componentsin thelibrary growslarge, classificationwill helpto
get abetter overview. Exactly how largelargeis, ishardto say. The Norwegian company TASKON
A/S has managed to live for years with a Smalltalk library of approximately 1500 classes, without
any systematic classification and retrieval support. However, whereas old employees may easily
manage their way around the library, it has been noticed that newly employed have problems, i.e.,
the 'learning time' for this unstructured library is getting higher as it keeps on growing. Hence,
the company itself has signalled interest for classification and retrieval support along the lines of
REBOQT, to seeif this could make the library more comprehensible.

REBOQT uses a faceted classification scheme [38] with the following four facets:

Abstraction: Usually an OO component can be characterized by a noun, e.g., calendar, flight
manager, fire darm system.

Operations: Components have operations, and these are characterized in the Operations facet.

Operates On: Thisfacet describes the objects that the component acts on, e.g., integers, set, list,
resource.

Dependencies. These are hon-functiona dependencies and characteristics which limit the scope
of reuseto a certain context, e.g., C++ code, Unix-based software, HOOD design models.

An example could be a stack (abstraction) of integer (operates on) writtenin C++ (dependencies)
with operations push, pop, top, and swap. It is possibleto have more than one term for each facet.

In addition to the termsfilled in for the facets, a component will have other attributes, such as size,
developer, and date. The distinction between facets and other attributes is that the facets are the
properties most relevant for reuse. For the facets, structured term spaces are provided, facilitating
fuzzy retrieval. Thisisnot donefor ordinary attributes.

Potential reusers often do not know exactly what they are looking for. Moreover, there is a
possibility for terminology mismatch between the reuser and library. Consequently, it is useful to
be able to retrieve not only components exactly matching the search criteria, but also components
which are close to amatch. To support thiskind of fuzzy retrieval, REBOOT uses structured term
gpaces for the facets. In aterm space, al the possible terms for a facet are related in a graph of
weighted relations. The REBOQOT approach to weighted term spaces is described in [25]. Since
the structure of theterm spacewill be domain specific, one must expect to maintain it continuously,
according to feedback from the clients of the library (both providers and reusers). REBOQOT's
proposed heuristics for maintaining aterm space are discussed in [41].

4 Applicationsand experiences

Within REBOOT 25% of the effort has been dedicated to the support and evaluation of reuse
applications. Applications have been conducted internally in the partner organizations as well as
with external customers, and have provided important feedback for the reuse methodol ogy.

This section will give an overview of the types of applications conducted, and summarize the
lessons learnt. A first, overall experience was that it turned out to be much more difficult than
expected to initiate and maintain the applications. Some reasons for this are:
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o It requires much effort to convince the management to really commit themselves to a reuse
initiative.

¢ Developing FOR and WITH reuse requires training or a relatively large amount of active
support.

¢ The methodol ogy and tools promoted in the beginning of the project were too advanced and
were reluctantly received by the pilot applications.

The types of applications conducted are:

¢ Product-focussed applications, supporting projects using object-oriented techniques to
develop reusable components, in particular design frameworks for a product family. These
projects have been conducted with heavy support from the REBOOT core team providing
the ‘development FOR reuse’ expertise. These applications have generally been successful,
yielding alot of practical reuse experience, generalized in a set of concrete object-oriented
reuse devel opment guidelineswhich are included in the REBOOT Methodol ogy Handbook.
The organizations involved here have been fairly small, and have not had alarge product or

process legacy.

¢ Process- and or ganization-focussed applications, hel ping organizationsto introduce reuse
into their existing development process and organizationa structure. This work has led
to the thorough understanding of how reuse can be incorporated into organizations with a
large process and product legacy, organizationswhich cannot afford to change their product
structure or development process dramatically. This has resulted in guidelines for how to
adapt devel opment processes and organi zations to incorporate reuse.

¢ Re-engineering-focussed applications, helping organizations to extract reusable compo-
nents from their existing products. Large amounts of money have been invested in old
products, but they are usually written in non-OO languages and do not have the structure
to bereused. These applications have provided requirements for the re-engineering method
which helpsto identify potentially reusable componentsin source code. The re-engineering
method hasbeentried on several C and assembly applicationswithasizeupto30KLOC. The
results have been really promising, illustrating that the method works for red -life software.
However, it should be noted that the possibility for harvesting reusable components depends
highly on the quality of the design — in some of the applications investigated, the design
was so bad that no candidate components could be obtained.

¢ Project management applications, assisting project managers with assessing their project’s
reuse potential. It hashence been theresponsibility of the REBOOT consultantsto ensurethat
these reuse opportunities have been utilized. This has provided feedback on the importance
of planning the reuse activities with a specific goal and budget, and to follow them up like
al other activities. In one of these projects, surprisingly, the investment in devel opment
FOR reuse was recaptured already withinthefirst cycle, i.e., without a singlereuse yet being
made. Thiswas because the extraresourcesfor making a component more general for future
projects aso turned out to make the component more maintainable as requirements were
changing during the project.

¢ Strategic reuse applications, where organizations have selected reuse as one of their main
strategic weapons, and want to assess and improve their reuse capability. For this purpose
the reuse enhancement plan and the reuse maturity model have been defined. By means of
these, REBOQOT personnel could help a company organize such an initiative. This has also
provided valuable experience in motivating an entire organi zation to adopt reuse.
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Component domain Actual Cost | Estimated Cost | KLOC
reusable non-reusable
Time management framework 120 80 3
Simulation framework 60 20 1
Simulation library 100 100 2
Client/server subsystem 80 60 10
Networking library 15+ 200 200 3
Telecom framework 1.5X X 50

Table 2: Application estimates of extra cost for reusability

Asindicated by the list above, a wide variety of applications have taken place, but none of them
have used the more advanced technology envisioned in the beginning of the REBOOT project,
e.g., the classification, metrics or tools. So far, only minor applications have been conducted with
thetool, introducing some reusabl e classes and frameworksin the REBOQT library. In retrospect,
this seems quite natural as most of the application organizationswere at alow maturity level when
it came to reuse, and those techniques are more appropriate for advanced reuse organizations. It
might also be tempting to draw the wider conclusion that reuse is not so much about tool support
as many researchers may previously have believed, and that the organizational aspectsare far more
important, at least at an early stage. Nevertheless, it is believed that the more advanced techniques
will be feasible for organizations that have reached a certain reuse maturity level. When a large
number of reusable components have been gathered, the need for tool support islikely to show up.

As experienced in most of the applications where products were developed, it costs more to
develop a reusable component than a similar non-reusable component — except for cases likethe
one mentioned above, where a focus on reusability in fact turned out to pay off directly due to
changing requirements. Some other estimates from various applications are given in table 2.

The applicationsare too few in number to make any weighty statements, and the estimated cost for
a similar non-reusable artifact is of course somewhat uncertain. It was no surprise that reusable
artifacts were more expensive, but the numbers suggest that the overhead cost is usually not
unacceptably high: you do not need alarge number of reuses to make it pay off. And as indicated
above, reduced maintenance costs can make the picture even brighter.

5 Comparison with related work

Asmentionedintheintroduction, REBOOT’ saim hasbeen technol ogy consolidation, and landmark
innovationsin reuse technology were never the goal. The project has tried to integrate and adapt
existing proposal s to solve problems with the introduction, organi zation and technical support for
reuse. Hence, it should not be surprising that the REBOOT methodology is highly inspired by
previous research.

REBOQOT’s reuse maturity model, discussed in section 2, isinspired by SEI's CMM [36] for the
definition of the maturity levels. Other researchers have also proposed reuse maturity models, e.g.,
[9, 10, 43]. The sdlection of key reuse factors for REBOOT's maturity model was most inspired
by [43]. All the proposed maturity models can be used for assessing the organization’s current
maturity level for reuse and suggest a path for stepwise improvement. With the REBOOT model,
this stepwiseimprovement will be the gradual introduction of the REBOOT methodol ogy. Hence,
the REBOOT maturity model is a little different in that concrete techniques are provided to fill
the improvement slots, whereas the others are more generic. While the maturity model has based
much of its content on previous work, the discussion of role conflicts in reuse is a more unique
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REBOQT contribution.

The re-engineering method, as discussed in section 3.2, has been inspired by other work in the
field, notably [1, 21] on design recovery and [12, 48] on the identification of strongly connected
components. Compared to these methods, the REBOOT method is more bottom-up, i.e., more
focussed on being used incrementally to harvest some reusable components from a much larger
piece of code, rather than re-engineering an entire system. In purpose, it is thus more similar to
[34], but this latter approach uses a modularization technique (slicing) which is quite different
from REBOOT’s. The REBOOT method for identifying strongly connected objects has been made
more detailed than its predecessors, to facilitate a higher degree of automation. However, many
problems related to re-engineering for reuse remain unsolved. As stated in [19] thisis a complex
issue. The transition from non-OO0 to OO design is still a subject for research, although some
guidelinesfor this can be found in [46].

REBOQT's qualification model, discussed in section 3.3, uses the standard factor-criteria-metrics
approach aso used by IEEE and ISO. Many of the metrics used are well known in the software
engineering field, presented in earlier work by, e.g., [5, 14, 23, 26, 31]. However, the confidence
factor is wholly invented by REBOOT. This factor seems more appropriate for the estimation of
reusability than the more well known factor of reliability, because a component which is highly
reliableinitsorigina context, may not be so if reused in adifferent context. Although inspired by
other work, REBOOT has made significant extensionsfor the product metrics, partly based on the
answers to questionnaires distributed to experienced European software developers. For instance,
several checklists have been devel oped for metrics which are not obtai nableby component parsing.

Theapproach to classification and retrieval, as discussed in section 3.4, bears strong resemblance to
earlier approachesinthefield. REBOOT sfaceted classification approach isprincipally the same as
that of Prieto-Diaz [37]. However, the exact facets are different. Thisis because Prieto-Diaz’ work
was mainly concerned with functional components, whereas REBOOT has been concerned with
OO0 components. For instance, OO components are most naturally abstracted by nouns, functional
ones by verbs.

There have been many suggestions for fuzzy retrieval methods in reuse libraries, based on some
notion of semantic closeness. REBOOT uses explicitly stated weights connected to the edges
in the term-spaces, and is hence most closely related to [4, 16, 35, 37], each of these differing
somewhat from each other in the way of structuring the term-spaces and computing distances
between request and offer. All these approaches, including REBOQOT, have the weakness of being
knowledge acquisition intensive. As reported in [44] classification of a number of components
and the construction of a term-space requires considerable effort, and the initial estimation of
weights will still be ad hoc. Hence, it might be interesting for future improvements of the
REBOOQOT methodology also to investigate other approaches for similarity computation, working
automatically on the conceptual structure of the artifact [45] or its documentation [29, 33], so that
theinitial classification effort can be reduced.

6 Conclusion

6.1 Major contributionsof the project

Much of the REBOOT methodology has been highly inspired by previous work, as is normal for
atechnology consolidation project. Still, some innovations have been made, as mentioned in the
previous section. The most important point about REBOOT may be that it has dealt thoroughly
both with the technical and organizationa aspects of reuse, in a comprehensive manner. Thus, an
approach to reuse introduction and organi zation has been provided together with an accompanying
technology to fill the various needs an organization will have as its reuse capabilitiesincrease.
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Another important contribution of REBOOT is the high emphasis on applications, yielding im-
portant practical experience. The most prominent experience made is that organizational aspects
can hardly be underestimated. It was found much easier to apply the organizational parts of the
methodol ogy than the advanced technology. This was because most application organizations did
not have a sufficient reuse maturity to immediately take advantage of the reuse tools.

6.2 Further work

Of course, the methodology may be further improved as more experience is gained, both for the
technical and organizational aspects. Many of the applications are continuing after the project
itself finished, and the further utilization of these experiences will have to be done by the various
partners exploiting the REBOOQOT results.

For the technical part, one particularly important issue for further work is the integration of the
REBOQOT environment to more CASE-tools, to make it as widely available as possible. As
mentioned, it has already been integrated with the tools CONCERTO and DRAGOON by the
partners SEMA and TXT, respectively. Bull aso have plansto integrate REBOOT into their CASE
offer. Integration with tools other than those provided by the REBOQOT partners would of course
also be interesting.

For the more advanced parts of thetechnology it woul d beinteresting to pursueafurther elaboration
of the classification and retrieval approach, possibly taking up ideas from other ongoing research.
Similarly, the metrics part is one of significant scientific interest, and a particularly interesting
issueto pursue here would be metrics for the reusability of requirements, since most efforts so far
have concentrated on metrics for code and design. More empirical experiments should be a high
priority for the advanced parts of the technology, since these turned out to be difficult to use in the
applications conducted so far.

Although there are certainly issuesthat need to be elaborated further, it should be emphasized that
the REBOOT methodology is exploitablein its current form, as has aready been demonstrated by
partners providing consulting services to their customers based on know-how gained through the
project and distilled in the Methodology Handbook. Maybe the most important topic for further
work will be to keep on with such technology transfer to software producers, thus increasing the
genera reuse maturity and development productivity, and in turn providing more experience for
reuse research.
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